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INTRODUCTION
The swine industry today has only a vague resemblance to the industry of 20 yr ago. Operations have become more concentrated, not only in the number of pigs reared at one operation, but also in the number of production facilities located within the same geographical region. The increase in pig numbers in a smaller area has led to concerns involving the impact of animal production on the environment (Prince et al., 2000) . With increasing farm size, there is inevitably an increase in manure, odor, and ammonia production at that site. Currently, regulations are being implemented that will require the application of manure to be based on soil P content, instead of the traditional N needs of the intended crop (Sutton, 2008) . With the switch in the basis for application rates, more land area will be required to apply the same amount of manure. Therefore, it is imperative that methods to reduce the environmental impact of swine production be developed Effect of feeding reduced crude protein and phosphorus diets on weaning-finishing pig growth performance, carcass characteristics, and bone characteristics and implemented while maintaining efficient animal production. Feeding reduced-CP, AA-supplemented diets was shown to greatly reduce the amount of N excreted from swine Kendall, 2000; Figueroa et al., 2002) . However, there was variability in growth performance and carcass characteristics when reduced-CP diets were fed (Dourmad et al., 1993; Figueroa et al., 2002) . Additionally, feeding low phytic acid (LPA) corn and phytase reduced P excretion (Sands et al., 2001 ) while maintaining or improving growth performance (Young et al., 1993; Harper et al., 1997) . The objective was to determine the effect of feeding a low nutrient excretion (LNE) diet on the growth performance of swine during the grower and finisher periods and on subsequent carcass and bone characteristics at slaughter.
MATERIALS AND METHODS
All animals were cared for in accordance with Purdue University Animal Care and Use Committee regulations.
Exp. 1
Barrows (n = 50) and gilts (n = 48; Danbred Hampshire × Duroc by US Yorkshire × Landrace; initial BW = 32 ± 1.3 kg) were sorted by BW and sex and were randomly assigned to treatments, either the control or LNE. Pigs were housed in 1 of 2 identical woven-wire floored, environmentally controlled rooms with separate ventilation systems at 4 or 5 pigs/pen (0. 56 m 2 or 0.45 m 2 /pig, respectively) and 5 pens·sex −1 ·treatment −1 during the grower phase and 2 or 3 pigs/pen (1.12 m 2 or 0.75 m 2 /pig, respectively) during the finisher phase. Diets were phase fed separately to barrows and gilts, and feed and water were provided ad libitum. Pigs were fed 2 grower diets (Table 1) and 2 finisher diets (Table  2 ) during a 16-wk feeding study. Individual BW and pen feed disappearance were measured at 2-wk intervals to determine BW changes, ADG, ADFI, and G:F.
Exp. 2
Barrows (n = 74) and gilts (n = 74; Ausgene internal genetics; initial BW = 6.7 ± 0.27 kg) were used in this study. Pigs were received after early weaning at 15 to 17 d of age, sorted by sex, and placed in a nursery building (Double L, Double L Group, Dyersville, IA). After pigs were fed a common segregated early-weaning (SEW) standard starter diet (Table 3) for a 1-wk acclimation period, they were randomly assigned to treatments, either the control or LNE, after being blocked by BW within each sex. Pigs were housed 4 or 5 pigs/pen (0.42 m 2 or 0.34 m 2 /pig, respectively) in 2 SEW buildings (2 rooms per building) with each treatment represented in each room. Pigs were fed 3 phases of nursery diets (Table 3) , and feed and water were provided ad libitum. Individual BW and pen feed disappearance were measured on d 7, 21, and 35 to determine BW changes, ADG, ADFI, and G:F.
On d 35 (grower-finisher wk 0), 20 pigs·sex −1 ·treat-ment −1 were randomly selected and reallotted within treatment and sex into 1 of 2 identical woven-wire floored, environmentally controlled rooms with separate ventilation systems at 4 pigs/pen (0.56 m 2 /pig) and 5 pens·sex −1 ·treatment −1 during the grower phase and 2 pigs/pen (0.75 m 2 /pig) during the finisher phase. Diets were phase fed separately to barrows and gilts, and feed and water were provided ad libitum. Pigs were fed 2 grower diets (Table 4) and 2 finisher diets (Table  5 ) for a 16-wk grower-finisher trial. Individual BW and pen feed disappearance were measured at 2-wk intervals to determine BW changes, ADG, ADFI, and G:F.
Diets
Control diets were corn (Nutridense, BASF, Florham Park, NJ) and soybean meal diets containing minimal synthetic AA supplementation (Exp. 1, 0.10% l-lysine; Exp. 2, 0.08% l-lysine) and no phytase. Low nutrient excretion diets were formulated with LPA corn (Nutridense, BASF) replacing the control normal corn. Crude protein concentrations were reduced and were accompanied by supplementation of l-lysine, dl-methionine, l-threonine, and l-tryptophan. Phytase (Natuphos, BASF) was added to the LNE diets at 450 FTU/ kg (FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C) of diet in Exp. 1 and 600 and 450 FTU/kg of diet in the nursery and grower-finisher phases, respectively, in Exp. 2. This addition of phytase allowed for P concentrations to be formulated on an available basis, thereby reducing total P concentrations in the diets. All nursery, grower, and finisher diets were formulated to meet or exceed nutrient recommendations for swine (NRC, 1998) . Diet lysine concentrations were adjusted according to the recommendations given for the specific genetic lines, with the other AA being adjusted accordingly to maintain the individual proper AA ratios with lysine that are implied in NRC (1998) recommendations.
Carcass Characteristics
For all pigs, 10th-rib backfat, last-rib backfat, and 10th-rib LM area measurements were taken by ultrasonic scan (Aloka Model 500V Real-Time Ultrasound, Corometrics Medical Systems, Wallingford, CT) at d 34 of the nursery phase (Exp. 2), wk 2 of the growerfinisher phase (Exp. 1), and wk 8 and 16 of the growerfinisher phase (Exp. 1 and 2) to determine changes in carcass characteristics. At the conclusion of the finisher phase in both experiments, 10 pigs·sex −1 ·treatment −1 selected from different pens were slaughtered for determination of carcass and bone characteristics. Pigs were transported to the Purdue University abattoir,
Reduced crude protein and phosphorus diets where they were electrically stunned and immediately exsanguinated. Both feet from the left side of the carcass were removed and frozen (−20°C) for subsequent determination of bone peak breaking strength and ash by methods similar to those of Carter and Cromwell (1998) . In brief, the 3rd and 4th metacarpals and metatarsals were excised and cleaned by scraping with knives and scalpel blades. The dissected 3rd metacarpal and metatarsal were used to determine peak breaking strength on a universal testing machine (Q Test Model 3, MTS Systems Corporation, Eden Prairie, MN) with a 3-point bending jig. The loading bar and 2 upright bone supports measured 3.175 mm in thickness and were spaced 28.6 or 31.8 mm apart, depending on bone length. Force was applied to the bones at 50 mm/min, and the maximum force at which bending or failure occurred was recorded. The 4th metacarpal and metatarsal were weighed, wrapped in cheesecloth, labeled, and placed in a container filled with petroleum ether to remove fat tissue before ashing. The ether was replaced every 24 h for 72-h extraction. Bones were then airdried and placed in a 100°C drying oven for 8 to 12 h. The dry, defatted bones were weighed and then ashed in a muffle furnace at 600° for 8 to 12 h. The carcasses were split along the dorsal midline and the weights of the 2 carcass halves, head included, were obtained. Carcasses were hung overnight in a chill cooler before being ribbed at the 10th rib to determine LM area, 10th-rib backfat, last-rib backfat, and last lumbar backfat measurements (Boggs et al., 2006) , and loin visual quality scores were determine based on National Pork Board standards (Berg, 2000) . Carcass predicted fat-free lean was calculated from equations by Schinckel et al. (2001) .
Statistical Analysis
Pen served as the experimental unit for all growth, carcass characteristic, and bone measurements. Data were analyzed as a randomized complete block design Provides 450 FTU/kg of diet (as-fed basis; Natuphos, BASF). FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C. with treatments arranged as a 2 × 2 factorial, using the GLM procedure (SAS Inst. Inc., Cary, NC). Pigs were blocked by initial BW within each sex, and dietary treatments were randomly assigned within each BW block. The model included the fixed effects of dietary treatment (control or LNE), sex (barrows or gilts), the interaction between diet and sex, and the random effect of BW block. Least squares means and pooled SE of the means are reported. Differences between least squares means were considered significant when the treatment F-test was P < 0.05 and a tendency when the treatment F-test was between P < 0.06 and P < 0.10.
RESULTS

Exp. 1
Growth Performance. Growth performance data are presented in Table 6 for the grower (wk 0 to 8), finisher (wk 8 to 16), and overall grower-finisher (wk 0 to 16) phases. During the grower phase, ADG was decreased (P < 0.01) by 5% (827 vs. 871 ± 10.6 g/d) with the LNE diet compared with the control diet. There was no difference (P = 0.933) in ADFI between the 2 treatments. This decrease in ADG, with no change in feed intake, resulted in a trend (P = 0.059) for G:F reduction (0.41 vs. 0.43 ± 0.007) when the LNE diets were fed. There were no differences (P > 0.46) in ADG, ADFI, and G:F between dietary treatments during the finisher phase. Overall grower-finisher ADG (862 vs. 851 ± 11.8 g/d), ADFI (2.35 vs. 2.37 ± 0.046 kg/d), G:F (0.37 vs. 0.36 ± 0.005), and final BW (126.2 vs. 125.3 ± 1.59 kg) between the control and LNE diets, respectively, did not differ (P > 0.376).
During the grower phase, ADG was similar (P = 0.391) between barrows and gilts at 856 vs. 842 ± 10.6 g/d, respectively. However there was a trend (P = 0.099) for barrows to consume more feed (2.12 vs. 1.98 ± 0.052 kg/d), although the gilts grew more efficiently (P < 0.047) than the barrows, at 0.43 vs. 0.41 ± 0.007, respectively. During the finisher phase and overall grower-finisher period, there were no differences (P > 0.468) in ADG between the 2 sexes, whereas barrows continued to consume more feed (P < 0.05) and grow less efficiently (P < 0.05) than the gilts. Carcass Characteristics. At the conclusion of the finisher phase, all measured carcass characteristics (Table 7) were similar (P > 0.14) between the 2 treatments, except for midline last lumbar backfat, which Provides 600 FTU/kg feed (as-fed basis; Natuphos, BASF). FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C. tended (P = 0.057) to be greater in the LNE pigs. There were no differences (P > 0.58) in 10th-or lastrib ultrasound data for the pigs that were slaughtered. However, control pigs exhibited a larger (P < 0.006) LM area than LNE pigs (51.2 vs. 45.1 ± 1.36 cm 2 ) based on live ultrasound data, but this difference was not detected in actual ribbed carcass LM area. Gilts had less final carcass 10th-rib backfat (P < 0.004; 19.5 vs. 24.7 ± 1.10 mm), midline last-rib backfat (P < 0.055; 27.1 vs. 30.3 ± 1.07 mm), and midline last lumbar backfat (P < 0.006; 19.1 vs. 23.0 ± 0.86 mm) than barrows. In addition, the LM area of gilts was larger (P < 0.013) than that of barrows (53.6 vs. 47.9 ± 1.43 cm 2 ). The decrease in backfat depth accompanied by the increase in LM area led to the predicted percentage of fat-free lean being greater (P < 0.001) for gilts than for barrows. When the live ultrasound data of the pigs that were slaughtered was examined, gilts tended to have less 10th-rib backfat (P = 0.081) and less midline last-rib backfat (P < 0.01) than barrows.
Ultrasound Mass Scan Data (All Pigs on Test). At the initial scanning period (wk 2 of the study; Table 8 ), there was a trend (P = 0.054) for the LNE-fed pigs to have a larger amount of 10th-rib backfat depth (8.7 vs. 8.0 ± 0.24 mm) compared with the control-fed pigs. There were no differences (P > 0.15) in last-rib backfat depth and LM area between treatments at wk 2. Gilts had less 10th-rib backfat (P < 0.034) and a larger LM area (P < 0.041) than barrows.
At the conclusion of the finisher phase, there was a treatment × sex interaction (P < 0.03) for last-rib backfat thickness. When the control diet was fed, barrow last-rib backfat was 19.8 ± 0.67 mm compared with 15.2 ± 0.60 mm for the gilts. When the LNE diets were fed, the magnitude of this difference was reduced, at 18.1 ± 0.60 vs. 16.50 ± 0.60 mm for barrows and gilts, Provides per kilogram of diet (as-fed basis): Fe, 97 mg; Zn, 97 mg; Mn, 12 mg; Cu, 9 mg; I, 0.37 mg; Se, 0.3 mg.
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Provides 600 FTU/kg of diet (as-fed basis; Natuphos, BASF). FTU = quantity of enzyme that liberates 1 µmol of inorganic P/min from 0.005 mol/L of sodium phytate at pH 5.5 and 37°C. Reduced crude protein and phosphorus diets respectively. Loin muscle area was the only ultrasound measurement that differed (P < 0.001) between the 2 treatments, at 51.9 ± 1.10 vs. 46.0 ± 1.04 cm 2 for pigs fed the control and LNE diets, respectively. Gilts continued to have less 10th-rib backfat (P < 0.005) than barrows.
The overall change in backfat depths did not differ (P = 1.0) between treatments. However, there was an increase (P < 0.001) in the overall change in LM area (33.9 vs. 27.7 ± 1.07 cm 2 ) when the control diets, compared with the LNE diets, were fed. There was no difference (P = 0.94) in overall LM area change between barrows and gilts. However, barrows tended to deposit greater amounts of 10th-rib backfat (P < 0.06) and had greater last-rib (P < 0.002) backfat than gilts.
Bone Characteristics. Metacarpal percentage of ash (59.7 vs. 58.7 ± 0.93%) and peak breaking strength (103.83 vs. 105.79 ± 5.99 kg) did not differ (P > 0.46) between the control-and LNE-fed pigs, respectively ( Table 9 ). The metatarsal percentage of ash was greater (P < 0.038) for pigs fed the control diet compared with the LNE-fed pigs (60.0 vs. 57.5 ± 0.80%), with a tendency for control-fed pigs also to have a greater metatarsal ash weight (P = 0.102). However, there was no difference (P = 0.543) in metatarsal peak breaking strength between treatments. There were no differences (P > 0.32) in bone characteristics between barrows and gilts.
Exp. 2
Growth Performance. Growth performance data are reported by nursery (Table 10) , grower, finisher, and overall grower-finisher period (Table 11) . During the nursery phase, ADG tended to be less (P = 0.087) when pigs were fed the LNE diet, at 521 vs. 547 ± 10.4 g/d. Average daily feed intake was not different (849 vs. 874 ± 17.0 g/d; P = 0.298) between the diets. The combination of numerically less ADG and greater ADFI resulted in G:F being reduced (P < 0.001) from 0.65 to 0.60 ± 0.007 when the control diet was compared with the LNE diet. There was no significant effect of sex on growth variables during the nursery phase of this trial. The initial grower phase BW (24.8 ± 0.87 kg) were similar between the 2 treatments and sexes (Table 11) . Reduced crude protein and phosphorus diets Grower ADG was reduced (P < 0.022) from 847 to 802 ± 12.6 g/d with the LNE diets compared with the control diets. There was no difference (P = 0.257) in ADFI, which led to G:F being less (P < 0.001) at 0.45 vs. 0.41 ± 0.006, when the LNE diets were fed. Grower ADG and ADFI were greater (P < 0.05) for the barrows compared with the gilts, whereas gilts tended to have greater G:F (P = 0.067). Body weights at the conclusion of the grower phase (71.0 ± 1.07 kg) did not differ (P = 0.111) between the 2 treatments, whereas barrows were heavier (P < 0.025) than gilts (72.9 vs. 69.1 ± 1.07 kg).
Body weights at the beginning of the finisher phase did not differ (P = 0.197) between treatments or sexes (71.6 ± 1.65 kg). There were no differences (P > 0.35) in ADG (907 vs. 934 ± 19.6 g/d) or ADFI (2.94 vs. 2.89 ± 0.061 kg/d) between the control and LNE treatments, respectively, during the finisher phase. However, there was a trend (P = 0.058) for finisher phase G:F to be increased when the LNE diets were fed (0.310 vs. 0.323 ± 0.005). Final finisher phase BW (123.1 ± 1.72 kg) did not differ (P = 0.769) between treatments, whereas the barrows were heavier (P < 0.033) than the gilts at 126.0 vs. 120.3 ± 1.72 kg, respectively.
For the overall grower-finisher period, ADG (877 vs. 868 ± 12.3 g/d), ADFI (2.25 vs. 2.27 ± 0.042 kg/d), and G:F (0.392 vs. 0.383 ± 0.005) did not differ (P > 0.24) between the pigs fed the 2 diets. Average daily gain (900 vs. 844 ± 12.3 g/d) and ADFI (2.40 vs. 2.12 ± 0.042 kg/d) were greater (P < 0.005) for the barrows than the gilts, whereas gilts were more efficient (P < 0.004) than barrows, at 0.400 vs. 0.375 ± 0.005.
Carcass Characteristics. Finisher phase carcass characteristics and live scan data of the pigs that were slaughtered (Table 12) were similar (P > 0.14) between treatments. Gilts had lighter BW and carcass weights, smaller backfat depths, greater predicted percentages of fat-free lean, and smaller marbling scores (P < 0.05) than the barrows.
Ultrasound Mass Scan Data (All Pigs on Test). At the initial scan period (d 34; Table 13 ), treatment × sex interactions (P < 0.05) were noted for 10th-rib backfat, last-rib backfat, and LM area. The 10th-rib backfat depths for the control barrows and gilts were 6.8 and 7.0 ± 0.15 mm, respectively. However, when the LNE diets were fed, barrows had greater (P = 0.026) 10th-rib backfat depths than gilts at 7.0 and 6.5 ± 0.15 mm, respectively. Last-rib backfat followed the same Reduced crude protein and phosphorus diets pattern, with control-fed barrows having less last-rib backfat than gilts (6.6 vs. 6.8 ± 0.15 mm), whereas the LNE-fed barrows had more last-rib backfat than (P = 0.042) gilts (7.0 vs. 6.7 ± 0.15 mm). The interaction for LM area was due to a decrease in the magnitude of difference between the sexes within each treatment. Control-fed barrows had an LM area of 7.7 ± 0.28 cm 2 , whereas the gilts had an LM area of 8.9 ± 0.28 cm 2 . In the LNE-fed pigs, barrows had an LM area of 8.4 ± 0.28 cm 2 , whereas the gilts had an LM area of 8.3 ± 0.28 cm 2 . There was no difference (P = 0.715) in 10th-rib backfat between treatments at the wk-8 grower-finisher scan period. However, last-rib backfat depths were greater (P < 0.045) for the LNE-fed pigs, at 12.7 vs. 11.9 ± 0.26 mm, whereas the LM area tended to be larger (P = 0.058) in the control-fed pigs (27.0 vs. 25.4 ± 0.55 cm 2 ). Gilts had less (P < 0.001) 10th-and last-rib backfat than barrows.
No differences were found between treatments (P = 0.109) for the wk-16 grower-finisher scan data other than a tendency (P = 0.076) for the LNE-fed pigs to have greater 10th-rib backfat depths (20.8 vs. 18.9 ± 0.68 mm). Gilts were leaner (P < 0.001) and had a smaller LM area (P < 0.013) than barrows. The overall change in 10th-rib backfat, last-rib backfat, and LM area did not differ (P > 0.125) between the control-and LNE-fed pigs, whereas the gilt 10th-rib backfat, last-rib backfat, LM area change was less than for barrows (P < 0.001).
Bone Characteristics. Fresh metacarpal weights tended to be less in pigs fed the LNE diets (P = 0.059), whereas the dry, fat-free weights were less (P < 0.008), at 10.9 vs. 11.7 ± 0.18 g, at the conclusion of the finisher phase when the LNE diets were fed compared with the control diets (Table 14) . Metacarpal ash weight was reduced (P < 0.003) with the LNE diets (6.3 vs. 6.9 ± 0.12 g), but when accompanied by the reduction in dry, fat-free weight, the resulting percentage of ash was similar between treatments, at 59.0 vs. 57.8 ± 0.68% for the control and LNE diets, respectively. There were no differences (P = 0.154) in metatarsal weights between treatments. Metatarsal ash weight tended to be less (P = 0.058) in the LNE-fed pigs, whereas the percentage of ash was less (P < 0.032) in the LNE-fed pigs, at 57.7 vs. 59.6 ± 0.55% in the control-fed pigs. Metacarpal (94.2 vs. 89.3 ± 5.95 kg) and metatarsal (100.6 vs. 92.5 ± 6.36 kg) peak breaking strengths were similar (P > 0.38) between the control-and LNE-fed pigs, respectively. On a scale of 1 to 5, with 1 being pale or pinkish gray and 5 being dark purplish red.
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On a scale of 1 to 5, with 1 being devoid to practically devoid and 5 being moderately abundant or greater.
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On a scale of 1 to 5, with 1 being very soft and watery and 5 being very firm and dry. 
DISCUSSION
Results from previous studies in which dietary CP was reduced by 4 percentage units and AA were supplemented during the nursery phase indicated that growth performance can be maintained compared with a control diet formulated to meet NRC (1998) recommendations (Hansen et al., 1993; . In the present study (Exp. 2), CP concentrations in the nursery diets were reduced by approximately 2 to 3 percentage units, and lysine, threonine, tryptophan, and methionine were supplemented to maintain AA ratios similar to the control diets. This resulted in a trend for ADG to be reduced while ADFI was numerically increased. These differences resulted in a reduction in G:F of 8%. These results agree with those of Martin (1993) , who observed that performance in weanling pigs was impaired when CP concentrations were reduced by Reduced crude protein and phosphorus diets tions. The use of LPA corn and phytase in the LNE diets allowed P to be formulated on an available P basis. Available P concentrations in the grower diets met the NRC (1998) recommendations. When formulating the LNE finisher diets, available P concentrations were unable to be reduced to the NRC (1998) values because of the large amounts of available P when LPA corn and phytase were used. Therefore, the available P concentrations were reduced as much as possible and total P concentrations were allowed to fluctuate correspondingly. Because available P concentrations were in excess of NRC (1998) recommendations and Ca-to-available P ratios were only slightly below the range of 2:1 and 3:1 suggested by Qian et al. (1996) and Crenshaw (2001) , it is unlikely that available P concentrations impeded performance. However, it is of note that dietary P concentrations that maximize G:F and ADG may be approximately 30% greater than the recommended NRC (1998) concentrations, depending on pig feed intake and lean-gain potential (de Lange, 2004) .
No statistical differences were noted in the carcass characteristics in either study when the control and LNE diets were fed. However, a tendency was observed for the last lumbar backfat to be increased with the LNE diets (Exp. 1). Previous researchers have found that when reduced-CP, AA-supplemented diets were fed, increases in backfat depths and reductions in LM area occurred (Kerr et al., , 2003 Tuitoek et al., 1997; Figueroa et al., 2002) . However, Piva et al. (1993) reported that backfat depths were reduced when reduced-CP, AA-supplemented diets were fed. Additionally, Shelton et al. (2003) reported that the addition of phytase to swine diets can lead to increases in backfat depths, potentially because of the liberation of some energy previously bound by the phytate molecules. Although backfat depths were not statistically increased, there were numerical increases when the LNE diets were consumed.
When reduced-CP diets were fed, there was a reduction in blood and visceral weights Gómez et al., 2002b) . When fed diets with reduced CP concentrations, pigs expend less metabolic energy in the process of protein degradation and N excretion, which in turn leads to a reduction in heat production. The reduced metabolic loads result in the reduction of blood and visceral weights. With the reductions in heat production and urinary energy caused by less excess N in the diet, more NE is available for other bodily functions, presumably fat accretion. The possibility exists that if diets were formulated on an NE basis instead of an ME basis, the excess energy available for fat accretion could be reduced. By formulating diets on an NE basis, the extra energy concentrations, resulting from less heat production and urinary excretion when reduced-CP diets are fed, could be taken into account.
Ultrasound mass scan data yielded increases in lastrib backfat (Exp. 2, wk 8) and 10th-rib backfat (Exp. 2, wk 16) and reductions in LM area (Exp. 1, wk 16; Exp. 2, wk 8) and LM area change (Exp. 1) when pigs were fed the LNE diets. These results are indicative of the possibility that AA deficiencies occurred during the grower phase because protein deposition was reduced and fat deposition was increased when AA deficiencies or imbalances occurred (Gómez et al., 2002b) .
In Exp. 1, all bone characteristics were maintained when the LNE diets were fed, except for metatarsal percentage of ash, which was reduced with the LNE diets. Metacarpal dry, fat-free extracted weight and ash weight, and metatarsal percentage of ash were reduced in Exp. 2 when the LNE diets were consumed. Two possible explanations exist for the decreased percentage of ash in the metatarsal bones. First, the Ca and P concentrations that maximize growth and G:F are not the same as those that maximize bone mineralization and strength (NRC, 1998) . The estimated requirements set forth by NRC (1998) were developed with the maximization of growth performance in mind; to maximize bone characteristics, Ca and P concentrations may need to be increased by 0.1 percentage units (NRC, 1998) . Second, de Lange (2004) suggested that the P requirements for high-protein gain (160 g/d) pigs may be 30% greater than the P requirements suggested in the NRC (1998) recommendations. Research from the laboratory of de Lange (de Lange, 2004 ) revealed that G:F and growth rate continued to increase at total P concentrations of 0.61 and 0.49% for the grower and finisher diets, respectively, compared with NRC (1998) concentrations of 0.50 and 0.40%. The reduction of bone characteristics at the conclusion of the grower phase, accompanied by the reduced growth during this phase, indicate that P concentrations may have been reduced to concentrations that impeded both pig growth and bone development. Additionally, marginally deficient dietary P intake concentrations were documented to increase bone shattering and loin trim losses by as much as 6% in carcasses under production conditions (Dritz et al., 2000) , and were corrected to 1% or less only after dietary P concentrations were increased to intake concentrations slightly above the NRC (1998) requirements.
With the pressure on the swine industry to reduce the environmental impact of production, it is important to use feed ingredients that can minimize this impact. However, it is essential that these ingredients not impede animal productivity variables. Feeding a reduced-CP, AA-supplemented, LPA corn, and phytase-supplemented diet has the potential to maintain carcass characteristics, bone variables, and performance during the finisher phase; however, reductions in performance were observed in the nursery and grower phases. Because of the reductions in performance during the nursery and grower phases, it is important to further investigate the degree to which AA supplementation can occur in reduced-CP diets without negatively affecting performance. Additionally, the need exists to reexamine the AA and P requirements of the high lean-gain
